Protected areas located in the steppe zone of Russia represent unique territories. Fires are a constant strong factor affecting the plant and soil components of ecosystems. The resistance of soils to fire in the conditions of semi-arid climate and hilly topography determines the speed of recovery of vegetation and soils in the steppe landscape. The study was devoted to the restoration of water-physical, physico-chemical and chemical properties of soils after the fire in 2014 on the site of the site «Burtinskaya Steppe» of the Orenburg State Nature Reserve (Russia). The study sites were represented by two polygons with burned and unburned (control) areas. The destruction of vegetation by fire contributed to the reduction of moisture reserves in the layer of 0-30 cm by more than 30% in the first years after the fire. For burning soils, there was a greater warming and migration of easily soluble salts and gypsum to the upper part of the soil profile. The most intense accumulation of СаЅО 4 and sodium salts was noted in the soils of polygon 1. The study of the fire influence on the content of soil organic matter and nutrients demonstrated their significant reduction in the first two years of research. The restoration of phosphorus and potassium content to the level of control sites was noted by the end of three years of monitoring. The content of soil organic matter and nitrogen significantly exceeded the values in control sites. The conducted research has allowed drawing a conclusion about the ability of soils of steppe landscapes to restoration of stocks of biogenic elements after the fire. At the same time, changing the granulometric composition and migration of soil salts up the profile can contribute to the restructuring of plant communities and change the basic properties of the soil cover. The particular danger of changing the soils of steppe landscapes arises in the context of recurring fires and changing climate. The observed post-pyrogenic dynamics of soil processes indicate the need for a deep and comprehensive study of the impact of fires on the soil as a key link in the functioning of steppe ecosystems.
Introduction
In Eurasia, the largest areas of steppes are in Russia, Kazakhstan, Ukraine, Mongolia and China. In the territory of the steppe zone of the Russian Federation considerable areas of arable land were excluded from arable use and part of these steppe spaces is included in the structure of state reserves (Rusanov & Shein, 2013; Pavleichik et al., 2016) .
The main factor of anthropogenic impact on the protected areas was wildfire. Fires, as a factor in the evolution of landscapes, are widespread in the (sub)boreal, and (sub)tropical zones of Eurasia, Africa, America, and Oceania (Leys et al., 2018) .
The interest in fire research has become global and interdisciplinary, due to the influences, interactions and feedback between fire systems, terrestrial and atmospheric systems in the context of human health and climate dynamics (Jia et al., 2015) .
Soils are among the most valuable non-renewable resources on Earth. They support natural vegetation and ecosystems, are the largest terrestrial organic carbon stock and act as storage and filters for water. Assessing the destruction of aboveground plant organs by fire is critical for effectively prediction the response of the terrestrial ecosystem carbon and water cycle to future climate change (Santín & Doerr, 2016) .
Sometimes, wildfire is considered as one of the soil-forming factors. But it can also significantly change vegetation, increase soil erosion and even lead to desertification of previously fertile areas (Krawchuk et al., 2009) . The problem of preservation of reference areas of zonal steppe types with their inherent biodiversity and appearance is urgent. Therefore, practical importance of a comprehensive study of the fire impact on steppe vegetation and soil increases.
The purpose of this work was to study the restoration of water-physical, physico-chemical and chemical properties of the soils of the site «Burtinskaya steppe» of the Orenburg State Nature Reserve after the fire of 2014.
Material and Methods
The study was conducted in the site «Burtinskaya steppe» of the Orenburg State Nature Reserve, Orenburg region, Russia (Fig. 1 ). The study area was burned in August 2014. And data were collect-gust 2014. And data were collect-2014. And data were collected one year later in October 2015 and 2016, and in September 2017 and 2018. Burned and unburned sites polygon №1 and №2 were approximately 30-50 m apart from each other depending on the site. Polygon 1 included a burned site at 51.203408°N, 56.679956°E, and an unburned site at 51.203625°N, 56.678886°E. Polygon 2 contained a burned site at 51.210553°N, 56.737581°E, and an unburned site at 51.203408°N, 56.679956°E.
Samples were collected from sites where physiographical, topographical properties, parent material and plant cover were similar before the fire influence. The soil cover of the site is represented by calcic sceletic chernozem according to IUSS �ork-IUSS �orking Group �RB (2015) . From each site (burned/ unburned) within both polygons, samples were collected at five points (weighing at least 500 g), and then mixed into a medium sample (weighing at least 2 kg). From each site, soil samples were taken from several depths: 0-10 cm, 10-20 cm, 20-30 cm, 30-40 cm, 40-50 cm. The comparison of soil properties was made between burned and unburned sites.
The soil bulk density was determined by the undisturbed soil core cylinder method according to Klute (1986) . The total nitrogen was measured using the semi-micro Kjeldahl method, mobile potassium by the Peive's method, mobile phosphorus using the Kirsanov's method according to Vorobieva (1998) . The cation exchange capacity (CEC) was determined by the BaCl 2 displaced method according to Sparks et al. (1996) . The soil pH was determined by the electrode method at a 1/5 soil to water ratio. The total organic carbon (TOC) was analysed using the dichromate oxidation technique (Vorobieva, 1998) .
Results and Discussion
The fire impact on the steppe ecosystem was manifested in the destruction of above-ground parts of plants, which affected the change of thermal and water regimes of soils. The results indicated stronger heating and cooling of the soils in the burned sites in summer and winter compared to unburned sites.
In conditions of subboreal climate and insufficient atmospheric moisture, the release of the soil surface from plant material leads to an increased soil moisture loss described in detail for this site in the first two years after the fire by Pavleichik et al. (2016) . So, in the first year after the fire, the soil moisture reserve is significantly lower in the soils of both sites after the fire (polygon 1: U = 3.2, p = 0.005; polygon 2: U = 3.2, p = 0.005). The restoration of vegetation cover and steppe felt contributed to the erasure of differences in soil moisture reserves of burned and unburned sites by the end of three years in polygon 1, and four years in polygon 2. The different recovery rate of moisture reserves in the polygons is associated with the heterogeneity of soil properties. Our results are in accordance with data obtained by Shcherbyna et al. (2017) and Manning et al. (2017) .
The increase in soil surface repellency is a consequence of the deposition of a thin film of carbonaceous substances of pyrogenic origin and hydrophobic nature (Coetsee et al., 2010) . This contributes to a significant reduction in the rate of water filtration from the soil surface by 15% and 22% relative to unburned sites (Fig. 2) .
During the four-year study period, in the burned sites the rate of water permeability gradually recovered to the values in control sites. The calculation of the moisture reserves in the 0-30 cm layer showed similar moisture content and speed of water filtration dynamics of manifestation of a significant difference in the first two study years. It also demonstrated the alignment of the indicators by the end of the study period. It should be noted that the formation of a hydrophobic pyrogenic layer, the decrease in the speed of water filtration down the soil body and reserves of moisture are characteristics of soils of different natural zones. It is a universal consequence of fires (Shein et al., 2012; Shakhmatova, 2015) .
The study of the granulometric soil composition showed a change in soil particles of the fine earth fraction of the upper soil layer (0-10 cm) under the fire influence. It was caused by a decrease in the content of clay and sand fractions with a maximum (14.2%) and a significant (U = 3.2, at p = 0.005) difference in the first year after the fire, and the smallest (6.8% at the site of polygon 1 and 5.2% of polygon 2) after four years after the fire (Fig. 3) . The change of the granulometric composition of the soil after the fire, a number of researchers associated with the movement of fine earth fraction down the surface of the soil and an increased risk of development of erosion processes (Vogelmann et al., 2013; Heydari et al., 2017) . Changing the temperature and water balance in the fire-damaged sites led to a change in the chemical parameters of the soil (Table) . Thus, the рН КCl index of soil solution had seasonal dynamics with a slight increase by the end of the growing season. The greatest variation of the indicator (12.7%) was in the 0-10 cm soil layer in burned sites. Seasonal and annual dynamics of soil pH did not exceed 5% in unburned sites. The described dynamics may be explained by the presence of gypsum in the soil mass composition. In the upper soil layer of poly-gon 1, its content significantly exceeded the control soil by more than 9.5% (U = 3.2, p = 0.005).
The change of the complex chemical properties expressed in the variation of the values of cation exchange capacity from 33 mmol/100 g soil to 39 mmol/100 g soil in polygon 1, and from 31 mmol/100 g soil to 38 mmol/100 g soil in polygon 2. The dynamics of the indicator in the upper layer was similar to the pH. A significant impact of fire on the value of CEC was observed in the soils of the second polygon (U = 4.5, at p = 0.005). In the soils of the burned sites, there was a significant increase in the sodium content in the composition of the soil-absorbing complex by more than 16% and 7% in relation to the ones for unburned sites in the soils of polygon 1 and polygon 2, respectively. Similar dynamics were observed for calcium carbonate with an increase in the concentration in the 0-5 cm layer by 20.9% and 25% in polygon 1 and polygon 2, respectively. By the end of the study period, the soils of site 1 differed significantly in terms of the set of chemical composition indicators. The tendency to increase the pH and change the CEC has been described also by Yildiz et al. (2010) and Shakhmatova (2015) .
The study demonstrated that within a few months after the fire in the 0-10 cm soil layer, the total nitrogen content decreased by 43% in polygon 1 and by 39% in polygon 2. The phosphorus content decreased by 19% and 32%, potassium by 6% and 15% in the 0-10 cm soil layer in polygon 1 and polygon 2, respectively. Observations conducted in 2018 indicated an increase in the content of nitrogen, phosphorus and potassium in the soils of the burned sites in relation to the control values. The studies conducted in the first two years after the fire allowed recording a significant reduction of more than 12.6% (polygon 1) and 21.3% (polygon 2) of organic carbon in the 0-10 cm layer of burned soils. However, in the subsequent period, the humus content exceeded the control soil values by more than 6% in the soils of polygon 1 and by 15% in the soils of polygon 2. The stabilisation of the carbon pool and the increase in the content of nutrients in the soil indicates the stability of the soilplant system in relation to the damaging effects of fire. This is in accordance with studies conducted in the forest-steppe and tropical soils (Yildiz et al., 2010; Vogelmann et al., 2013; Maksimova & Abakumov, 2017) . The same structure of organic matter on the results of infrared spectroscopy has not changed. This indicates a stabilisation of the soil organic matter accumulation and restoration of the carbon pool.
Conclusions
The impact of fires on the soils of the Orenburg State Nature Reserve manifested in a significant decrease in soil moisture, water filtration rate and soil moisture reserves at the first three years after the fire influence. Changes in water and heat regimes led to the intensification of soil accumulation of easily soluble salts and gypsum. In the damaged soils, there was a decrease in the content of organic substances, nitrogen, phosphorus and po-tassium in the first two years after the fire impact. However, the subsequent period was characterised by the level restoration of organic carbon and nitrogen above the soil of unburned sites.
The observed changes in soil granulometric composition are an important signal of the surface runoff development and reduced soil resistance to erosion processes.
The observed processes are dangerous from the viewpoint of preserving the appearance of protected areas. It indicates a need for in-depth and comprehensive study of the fire impact on the soils as a key link in the functioning of steppe ecosystems.
